ABSTRACT: Voltage-gated K + channels are gated by displacement of basic residues located in the S4 helix that together with a part of the S3 helix, S3b, forms a "paddle" domain, whose position is altered by changes in the membrane potential modulating the open probability of the channel. Here, interactions between two paddle domains,
We show that both paddle domains induce calcein leakage in large unilamellar vesicles and we suggest that this leakage represent a general thinning of the bilayer making movement of the whole paddle domain plausible. That HsapBKp induces more leakage than KvAPp, may be explained by the presence of a Trp residue in HsapBKp. Trp residues generally promote localization to the hydrophilic/hydrophobic interface and disturb tight packing. In magnetically aligned bicelles KvAPp increases the order along the whole acyl chain, while HsapBKp affects the morphology, also indicating that
KvAPp adapts more to the lipid environment. Relaxation NMR measurements for
HsapBKp show that overall the sequence has anisotropic motions. The S4 helix is wellstructured with restricted local motion, while the turn between S4 and S3b is more flexible and undergoes slow local motion. Our results indicate that the calcein leakage is related to the flexibility in this turn region. A possibility for HsapBKp to undergo structural transitions is also shown by relaxation NMR, which may be of importance for the gating mechanism.
Voltage-gated K + -channels, K v -channels, are gated by charged amino acid residues (Arg or Lys), whose positions are altered by changes in the membrane potential. 1, 2 This modulates the probability of the channel being in the open state. The gating charges are found in the S4 transmembrane segment of the voltage-sensing domain (VSD). The S4 helix forms, together with a part of the S3 helix, S3b, a domain known as the "paddle" domain or the "arginine-rich paddle". [2] [3] [4] The first structure of a full-length K v -channel revealed that the arginine-rich paddle forms a helix-turn-helix structure situated within the hydrocarbon core of the membrane. 2, 3 This positioning is controversial, due to the great hydrophilicity of arginine. Many experimental [5] [6] [7] and theoretical studies [8] [9] [10] have aimed at understanding the molecular basis for the positioning of the Arg-rich paddle. It has been argued that the S4 helix in the paddle motif is fairly independent of the rest of the VSD, and that the structure of this helix is governed by protein-lipid interaction. 11 It has also been demonstrated that the voltage sensor motif can function on its own as a voltage-activated proton channel without a separate pore domain 12, 13 and that the paddle domain in K v and Na v channels are modular and can be swapped between different ion channels. [14] [15] [16] Several studies of isolated paddle domains, or of the S4 helix alone have been conducted to shed light on the interaction between this Arg-rich sequence and the lipid bilayer. 11, 17 Other studies have shown that the S4 helix alone from the the K v channel KvAP (from the thermophilic archaebacteria Aeropyrum pernix) 2, 3, 6 have properties that resemble those of the intact VSD. 11, 17 Despite several studies of VSDs during the last ten years, it is still debated whether a change in the membrane potential induces a small charge movement, which rotates and tilts the S4 transmembrane segment, 1 or if a larger charge movement, that alters the position of the whole paddle domain (S3b-S4), 2 is induced. A third possibility is that the thickness of the lipid bilayer is significantly reduced by the paddle domain due to hydrophobic mismatch, which means that the movement needs not to be that large. 8, 9, 18 The aim of present study was to investigate how paddle domains from two different channels, the K v channel KvAP (from Aeropyrum pernix, GI:14601099) 2, 3, 6 and the BK channel HsapBK (from Homo sapiens, GI:2570854) 19 interact with membranes, to be able to draw general conclusions about the mechanism of gating and to be able to compare paddle domains from two different subtypes. We have previously determined the high-resolution NMR structure of the paddle-domain from HsapBK (HsapBKp, corresponding to HsapBK(233-260)) in DPC micelles. 19 The solution structure revealed a helix-turn-helix structure similar to the structure of the corresponding sequence in KvAP as determined by X-ray crystallography. 2, 3, 19 In the present study the interactions between the paddle domains from KvAP (KvAPp, corresponding to KvAP(112-146)) and from HsapBK (HsapBKp) and lipids were studied by fluorescence, circular dichroism (CD) and NMR spectroscopy. To investigate bilayer perturbation induced by the paddle domains, leakage of the fluorophore calcein from large unilamellar vesicles (LUVs) was monitored by fluorescence spectroscopy [20] [21] [22] [23] . Circular dichroism was used to examine the lipiddependent structure induction, while deuterium NMR spectra of acyl-chain deuterated DMPC and DMPG in magnetically aligned bicelles were acquired to investigate the effects of the paddle domains on bilayer order and integrity. The dynamics of selectively 15 N-labeled HsapBKp in micelles composed of either DPC or DPC/DPG 9:1 was also investigated by 15 N spin relaxation under the same conditions as used in the solution structure.
Many natural and synthetic membrane interacting peptides, such as cellpenetrating peptides (CPPs), i.e. peptides that can transport biological therapeutics into cells, antimicrobial peptides and toxins contain a high number of basic residues but are still able to interact with bilayers, causing membrane perturbation and even translocate through a bilayer. [24] [25] [26] [27] [28] [29] [30] [31] CPPs are characterized by this high Arg content together with a great average hydrophobicity, 25, 32, 33 which are properties shared by the paddle domains (Table 1) . A general understanding of the influence of hydrophobicity and basic amino acid residues on membrane properties is therefore of great interest. Hence, we have compared our results for the paddle domains with results for other Arg-containing peptides: the cell-penetrating peptides M918, 34 and the N-terminal fragments of mouse (mPrPp) and bovine prion protein (bPrPp). 35 The results are thus important for understanding the role of the basic amino acid residues in membrane interactions in general, as well as for understanding how these paddle domains in the intact potassium channels may influence the lipid bilayer. 
EXPERIMENTAL PROCEDURES

Materials
where F is the fluorescence intensity in the presence of KvAPp or HsapBKp. The experiments were performed three times and the same trend was seen in all repeats.
Circular dichroism spectroscopy. CD samples with a concentration of 0.1 mM of POPC or POPC/POPG 7:3 and a potassium phosphate buffer concentration of 50 mM (pH 7.2) were prepared as described above. The low concentration of LUVs was chosen to diminish disturbances due to light scattering. The paddle domains were titrated to these solutions from 0.67 mM stock solutions in ddH 2 O/methanol 2:1, yielding concentrations between 5µM and 55 µM and spectra were acquired. In this way the methanol content in the final sample was kept to a minimum. In addition, CD spectra of 48 µM KvAPp and HsapBKp, respectively, in 48 mM DPC-micelles in 50 mM (pH 7.2) sodium phosphate buffer were acquired, and compared to spectra where methanol was added, yielding a solution of buffer/methanol 2:1, to make sure that methanol had no effect on the structure induction.
The far-UV CD spectra were acquired on a Chirascan CD spectrometer using a Deuterium experiments were performed at 61.4 MHz 2 H frequency (9.39 T) using a Bruker Avance spectrometer equipped with a tunable broad-band probe. All NMR samples were incubated in the spectrometer, first at 15
• C for 15 minutes yielding an isotropic solution and then at 37
• C for 30 minutes yielding magnetically aligned bicelles, before spectra were recorded. 37
• C is well above the gel to liquid crystal phase transition temperature, which is 24
• C for DMPC and 20.5
• C for DMPC-d 54 , 41 assuring that the bicelles are in the lamellar liquid crystalline state, L α . Standard quadrupolar delay spectra (π/2-τ 1 -π/2-τ 2 -acq) were acquired for both bicelle solutions with and without peptides, using a π/2 pulse width of 14 µs, and with the delays set to τ 1 =50 µs and τ 2 =48 µs. 1024 scans were measured and averaged and a 2s delay was used in between scans. The FID was multiplied with an exponential line-broadening function prior to Fourier transformation.
Quadrupolar splittings (Δν q ) were measured in the spectra. In concentrated mixtures of DMPC/DHPC well above the gel to L α transition temperature the dominating bilayer species is aligned with its normal perpendicular to the static magnetic field, yielding the following relation between the Δν q and the order parameter,
where (e 2 qQ/h) is the quadrupolar coupling constant for a C-D bond (167 kHz). 42, 43 Since the quadrupolar splitting (Δν q ) is related to the segmental order parameter, S CD , an increase in the Δν q is generally associated with an increase in the order of the system, while a decrease in Δν q is associated with a decrease in the order. the error which was set to 0.1 for R 1 and 1 for R 2 . All spectra were evaluated using Topspin (version 3.0). Single exponential decays were fitted using GraFit version 3.09b.
Dynamics studied by
Heteronuclear NOEs were calculated by dividing the intensity of the 15 N-H peaks in a NOE enhanced spectrum with the corresponding intensities in the unsaturated spectrum.
Errors of 10% were used for the NOE values. The relaxation data was subsequently analyzed with Modelfree 4.15 46, 47 to yield the motional parameters using the LipariSzabo model-free approach. Table 2 ). From these results we conclude that both paddle domains perturb the membrane integrity. However, HsapBKp causes a larger membrane disrupting effect, which is concentration-dependent and appears to be larger in POPC bilayers than in POPC/POPG bilayers.
The secondary structure of the paddle domains depends on the surrounding lipid environment. To monitor the induced secondary structure in different membrane mimetics and at different P/L ratios used in this study, CD spectra were acquired.
Spectra of KvAPp or HsapBKp (between 5 and 55 µM) in 0.1 mM POPC and in 0.1 mM POPC/POPG 7:3 ( Figure 2 and Table 2) were measured under the same conditions as the leakage studies. CD spectra of KvAPp and HsapBKp in DPC micelles were also acquired at the same conditions as used in the relaxation studies and in the previously determined solution structure.
For KvAPp in POPC, all spectra show the minimum around 222 nm characteristic for α-helical secondary structure (Figure 2A) . However, the 208 nm minimum, characteristic for α-helix is not so distinct, which indicates that β-structure with a minimum at 215 nm might also be present. Secondary structure estimation using DICHROWEB ( Table 2 ), show that the helical content is highest and the β-sheet content is lowest at the lowest KvAPp concentration (P/L=1/20). When adding more paddle domain the helical content is decreased and the β-sheet content is increased until a P/L ratio of 1/4 is reached. The spectra for HsapBKp in 0.1 mM POPC are all very similar ( Figure 2B ) but differ from the spectra of KvAPp. They show a minimum around 215 nm, indicating mainly β-structure, which is confirmed by estimations using DICHROWEB.
The spectra for the paddle domains in POPC/POPG 7:3 are similar to those in POPC ( Figs 2C, 2D) . However, the CD signal is significantly decreased. The low helical content and the high β-sheet content seen at a P/L ratio of 1/4 in POPC, is reached already at a P/L ratio of 1/20. Hence, β-sheet content can be induced either by introducing charge in the membrane or by elevating the peptide concentration.
Estimations of the secondary structure of HsapBKp in POPC/POPG 7:3 LUVs give the same results as in POPC: the dominating secondary structure component is β-strand. A large variation in the relative signal intensity was however observed, indicating that at higher P/L ratio, the peptide aggregates, which results in loss of CD signal.
CD measurements for the two paddle domains in DPC (with a peptide/detergent ratio of 1/100), used in the relaxation NMR measurements ( Figure 3) were also acquired. CD spectra of both KvAPp and HsapBKp in DPC micelles showed clear α-helical features, which were very similar to earlier observations in bicelles. 19 Addition of methanol did not affect the secondary structure significantly, suggesting that the methanol added to the LUV samples does not affect the secondary structure significantly either.
In summary, KvAPp has a significant α-helical content in POPC at low peptide concentrations. By adding peptide or by adding charge to the LUVs the amount of β-sheet is increased, while the α-helical contribution decreases. Both types of LUVs induce mainly β-sheet structure in HsapBKp. In micelles at P/L 1:100 the paddle domains form helix-turn-helix motifs and thus helical features are seen in the CD spectra. Hence, the structure of these two paddle domains depends critically on the P/L ratio and the features of the surrounding lipid environment.
Deuterium NMR experiments show that both paddle domains affect the bilayer. To study the influence of the two paddle domains on bilayer order, 2 H quadrupolar spectra were recorded at 37
• C for 300 mM magnetically aligned bicelles (q=3.5 (DMPC- Table 3 ).
The paddle domains both have small, which is not surprising considering the low P/L ratio (1/300), but significant effects on the 2 H spectra. In DMPC bicelles ( Figure 4A ), KvAPp has a slight ordering effect for all carbons along the acyl chain with an average increase in the splitting, and thus in the order parameter, of +1.6%
when adding 1 mM KvAPp (When adding 3 mM KvAPp this increases to 5.2%, data not shown). This implies that KvAPp interacts along the whole acyl chain. The effect of HsapBKp on the splittings is more modest.
In DMPC/DMPG 7:3 bicelles, the effect on DMPC-d 54 ( Figure 4B ) and DMPGd 54 ( Figure 4C ) was measured separately. KvAPp increased Δν q for DMPC-d 54 by +3.2% on average along the acyl chain, and is thus seen to have an ordering effect. This effect is greater in the middle of the acyl chain, with a maximum increase of +4.6 % and a minimum when approaching the outermost peak. This indicates that KvAPp is situated in the mid-part of the acyl chain further away from the head-group. HsapBKp, on the other hand, has both modest ordering and disordering effects on DMPC-d 54 Figure 4A , right panel). However, a previous study in DMPC/DHPC bicelles using a P/L ratio of 1:100 shows that at this higher paddle domain concentration the quadrupolar splitting of the HDO peak is decreased. 52 These findings together suggest that HsapBKp interacts stronger with 30% negatively charged bicelles than with zwitterionic bicelles, and the interaction leads to a decrease in bilayer order.
Together, the results indicate that the two paddle domains have opposite effect on the order of the bilayer. KvAPp induces a slight ordering for all carbons along the acyl chain of DMPC in both types of bicelles, while less effect on DMPG is observed.
This implies a well-ordered interaction between this paddle domain and the bilayer.
HsapBKp, on the other hand, is observed to have very modest effects on the size of the quadrupolar splittings for DMPC, while a decrease in quadrupolar splittings is seen for DMPG. A decrease in peak resolution is seen for both DMPC-d 54 and for DMPG-d 54 in negatively charged bicelles indicating that HsapBKp changes the morphology of the phospholipid bicelles.
The dynamics in HsapBKp depend on lipid environment. The interaction between
HsapBKp and membrane mimetics was further studied by relaxation measurements in DPC as well as in DPC/DPG 9:1 micelles. Studies in bicelles were not feasible due to the excessive line broadening, probably due to strong interaction and/or unfavorable exchange. The six Leu residues (Leu8, Leu13, Leu15, Leu18, Leu21 and Leu23) in
HsapBKp were specifically labeled with 15 N ( Figure 5 ) and in a 15 N-filtered HSQC spectrum these six residues gave well-resolved cross-peaks. Assignments for the protons were available from previous investigations 19 The R 1 (1/ T 1 ) rates, the R 2 (1/T 2 ) rates and the NOE for HsapBKp in DPC are shown in the left panel of Figure 6 . The relaxation parameters are uniform, with one exception, Leu13, which is characteristic for a structured globular protein, indicating that HsapBKp indeed is a self-folding domain of its own. Notably, Leu13 has a different R 2 rate than the other residues, suggesting a different dynamic behavior for this residue.
Leu13 differs from the others as it has no Arg residue in the close vicinity, and is situated close to Trp12 and Gly14 in the turn region of the helix-turn-helix motif observed in the solution structure. 19 The relaxation data was modeled by the model-free approach. 48, 49 First we estimated the overall correlation time for the molecule (τ M ) to 9.4 ns. Leu13 and Leu18
were excluded from this calculation, since the relaxation data for these residues differed significantly from the other four. To see if these differences were a consequence of anisotropic motion, the overall correlation time for each residue was calculated separately by using a spectral density function including an overall correlation time Table 4 . The large spread in the τ Mi times does indeed indicate that the motion is anisotropic, or the presence slow local motions that are difficult to separate from the overall motion, making the model-free spectral density function in principle invalid. 48, 49, 54 The correlation time for in particular Leu13
deviates from the others, suggesting that either the 15 N-1 H bond vector in Leu13 is modulated by a different motion due to anisotropic overall molecular motion, and/or the presence of slow internal motion, or exchange. The latter is indeed indicated by the significantly faster R 2 relaxation ( Figure 6 ). The average value for the correlation time, 10.7 ns, corresponds to a particle with a hydrodynamic radius of 23 Å, in agreement with estimates based on translational diffusion measurements of the peptide in DPC. 19 This corresponds to a volume of 50 nm 3 , which can be accounted for by considering the paddle domain volume (estimated to 4 nm 3 ) together with a somewhat larger DPC micelle, 19 . Hence, the micelle aggregation number is slightly increased as compared to without the peptide, which has also been seen for DPC micelles interacting with other peptides. 55 The fact that the overall correlation times agrees well with the size of a peptide in a DPC micelle, indicates that the analysis appears to be valid. To investigate the effect of introducing negatively charged DPG into the micelles, relaxation for HsapBKp in DPC/DPG 9:1 micelles was measured ( Figure 6 , right panel). The sample aggregated over time, indicating a stronger interaction between the micelle and HsapBKp, which was also evident from increased line-widths in the NMR spectra, and only R 1 and NOE at 700 MHz and R 1 at 600 MHz were measured successfully. In addition, the relaxation parameters were more difficult to fit with the model free approach. Nevertheless, by employing the same model as for the measurements in DPC, rotational correlation times on the same order (with an average of 9.85 ns) were observed. The smaller overall correlation time compared to in DPC is likely to be consequence of not having R 2 rates in the fit. Here, an even more striking difference between Leu13 and the other residues was observed (Table 4) . Further, Leu8, Leu13 and Leu15 needed addition of an exchange term to produce a reasonable fit, but due to the lack of transverse relaxation parameters, this model was not used to estimate the overall rotational correlation time. Therefore, a fixed correlation time of 8 ns for the entire peptide was used, optimized based on data for Leu8, Leu18, Leu21 and Leu23.
Using this value we obtained very high order parameters (0.91 -0.97) for four residues (Leu8, Leu18, Leu21 and Leu23) using the same model, including S 2 and τ loc . These high order parameters are at least partly likely to be a consequence of an unreasonably short overall correlation time, related to not having R 2 relaxation data in the fit. For
Leu13 and Leu15, however, this procedure did not result in a usable fit. Together, this
suggests that the interaction of the peptide with partly negatively charged micelles is different from the interaction with DPC micelles, leading to a dynamic behavior that is difficult to model from standard relaxation parameters using the model-free approach.
Most likely, it involves slow motions with correlation times comparable to that of the overall rotation of the micelle, which makes the analysis fail.
In summary, the Leu residues located in the S4 segment, Leu18, Leu21 and times. This can be explained by anisotropic motion leading to different relaxation parameters in this part of the paddle domain, and/or slow local motion that is impossible to separate from the overall motion. Also, the order parameters are lower for this part of the sequence, indicating more flexibility. When negative charge is introduced in the micelles the dynamics of the turn is harder to fit, which further indicates the presence of slow local motions that are difficult to separate from overall motion. This is also evidenced by the markedly increased line-widths in the spectra.
DISCUSSION
The combined results from observing membrane perturbation effects (from induced leakage from vesicles and effects on bilayer order), dynamics and structure induction provide evidence for two main observations: the two paddles do not have the same effects on a bilayer, and the effects on the membrane depend on structural rearrangements and dynamics. The Arg-rich paddles from the KvAP and the HsapBK potassium channels differ only slightly from each other with respect to hydrophobicity and number of Arg residues. Yet, they are in this study observed to affect the membrane in different ways.
KvAPp is significantly α-helical in zwitterionic vesicles and is seen to cause a modest membrane perturbation at P/L=1/20. Further, KvAPp increases the order of magnetically aligned bicelles, which suggests a well-defined peptide-lipid interaction, along the whole perdeuterated chain. Together, these results suggest that KvAPp is positioned as a transmembrane helix spanning the bilayer, which does not disrupt the membrane significantly. By increasing the KvAPp concentration or by adding charged lipids to the vesicles, the amount of β-sheet is increased and also the effect on the membrane. When KvAPp has a high β-sheet content together with a low α-helical content, the membrane perturbation increases with increasing paddle domain concentration.
HsapBKp, on the contrary, is mainly β-structured at the concentrations used in the leakage studies and disrupts the membrane in a concentration-dependent manner.
Due to the location of a Trp residue in the turn of the helix-turn-helix motif, HsapBKp is likely to be located in the water-lipid interface and might in this way be able to affect the membrane more than KvAPp is, which most likely is transmembrane under these conditions. HsapBKp induces a greater calcein leakage in zwitterionic vesicles than in 30% negatively charged vesicles and, contrary to KvAPp, affects the morphology of magnetically aligned bicelles. When adding DMPG to the magnetically aligned bilayers or increasing the paddle domain concentration the change in morphology is more severe, hence indicating a different mode of interaction with zwitterionic and negatively charged bilayers. The binding to negatively charged bilayers is thus stronger, while the leakage is stronger in zwitterionic bilayers. Hence, a tighter binding of the peptide to the bilayer is correlated with less membrane perturbation.
Next, we turn to our second observation, that bilayer perturbations are correlated with dynamics. The analysis of relaxation data for HsapBKp showed that the turn in the helix-turn-helix motif is more dynamic than the rest of the motif. Further, the calcein leakage is seen to increase with increased flexibility in the turn region of the helix-turnhelix motif, which indicates that this part may be responsible for the bilayer perturbations. The turn is the part of the paddle domain that is most variable between channels, 3 and this may in part explain the difference in the degree of perturbation between the two paddle domains studied here. The well-structured S4 helix, on the contrary, is a strong candidate for being a spontaneous membrane-translocating peptide that does not cause perturbation. 56 The presence of a Trp residue in the turn region seems to increase the leakage significantly. Furthermore, we see that the S4 segment of
HsapBKp is well-structured, but that the internal motions for all residues occur on a nanosecond time-scale, which are likely to be due to structural transitions. Transitions between α-helical and 3 10 helical structures have previously been demonstrated for the S4 helix 9, 57, 58 and are suggested to be part of the gating mechanism. This small conformational change, where the α-helix becomes more tightly wound, is prolonged and thus becomes thinner has been reported to occur at an order of nanoseconds. 59 Our previous structure of HsapBKp in DPC indicated both α-helical and 3 10 helical structure in the S4 segment supporting such a structural transition. 19 We believe that our present observations suggest that paddle domains appear to be able to undergo structural transitions, have enhanced flexibility in the turn, and that there is a correlation between these properties and membrane perturbing effects. Together this provides a possible mechanism for how the paddle moves in a bilayer. A model for how this bilayer perturbation occurs as a consequence of increasing paddle domain concentration and negatively charged lipids is shown in Figure 7 .
The sequence properties of paddle motifs are shared with several biologically active peptides, such as antimicrobial peptides, and cell-penetrating peptides. The calcein leakage induced by KvAPp and HsapBKp was compared with previous leakage studies performed for peptides found to function as CPPs: M918, 34 mPrPp and bPrPp.
35
M918 is less hydrophobic than both paddle domains but has more Arg residues. In previous studies M918 has been shown to induce a modest amount of leakage from both types of vesicles. 23, 34 The prion protein derived peptides, mPrPp and bPrPp, induce more leakage, comparable to the leakage induced by HsapBKp. 35 These sequences are less hydrophobic than the paddle domains, but have a similar net charge (in this case Lys). Further, mPrPp and bPrPp have significant β-sheet content and the induced leakage increases with elevated β-sheet content. The β-sheet content is as for KvAPp increased when adding charge to the vesicle. 35 The prion protein derived peptides contain a Trp residue and it has previously been seen that Trp content might be related to increase in leakage. 60 In summary, a certain amount of β-sheet content together with Trp content, locating the peptide to the water-lipid interface, may be important factors related to membrane perturbation. Our data, together with previous work, show that the amount of leakage can generally not be predicted from the Arg (or Lys) content and hydrophobicity alone, even though basic residues and hydrophobicity seem to be necessary for leakage to occur in LUV model systems.
Finally, one can also draw conclusion about the two paddle domains as parts of the VSD in potassium channels. It has been shown experimentally and in MD simulations that the VSD induces a thinning of a bilayer, 9,61-64 which may be a significant part of the gating mechanism. Studies have shown that the S4 helix alone also induces a thinning of the membrane, similar to what is observed for the VSD. 11, 17, 65 A thinning mechanism is likely to be related to a more general membrane perturbation, as observed here. Some time ago we suggested a model in which leakage was induced by a transient rearrangement of a peptide in a bilayer, which gives rise to a graded leakage as in our present study. 22 The induction of leakage by the isolated Arg-rich paddle domains observed in our study may thus in fact be correlated with a more general thinning effect produced by the whole VSD. Our results demonstrate that the perturbation is caused by the dynamic region in the paddle. They also indicate that the dynamics are likely to be related to structural transitions, which may also be of importance for the gating mechanism. The thinning effect would then be compatible with a gating mechanism where a movement of the whole paddle domain needs not to be that large. a Estimation of the extent of helix and strand from CD spectra (Fig 2) as calculated by the CDSSTR method [37] [38] [39] in DICHROWEB 40 .
TABLES
b Calcein release recorded 10 min after addition of KvAPp or HsapBKp to calceinentrapping POPC and 30% negatively charged POPC/POPG LUVs, respectively. Increasing the concentration causes the peptide to undergo a structural transition, which
